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Attention: Mr. Edward Mazzullo 
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Gentlemen: 

We strongly support the above identified petition P-1433 submitted by CTMA and RTL 
Engineering Inc., Mr. M.R. Ward P.E., copies enclosed. 

The time has come to start providing some foundation for the load requirements specified in the 
D.O.T. Regulations that are realistic and determined by good engineering practices. 
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THOMPSON TANK, INC. 

David L. Thompson 
President 
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M. R WARD JR. 
RR#1 BOX 91, HOLLISTER RANCH 

GAVIOTA, CALIFORNIA 93117 
(805-567-028OlF'AX 805-567-0280) 

TO: Cargo Tank Manufacturers and Users 
From: Monte Ward 

5/3/04 

Subject: Request for Rulemaking to DOT on Dynamic Load Factors for Cargo Tanks 

The Cargo Tank Manufacturers' Association submitted a request for mlemalang to DOT to lower the vertical 
dynamic load factors for 400 series and 331 cargo tanks from .35 to 2 5  for combined dynamic load conditions and 
from .7 to .45 for maximum vertical load conditions. The applicable regulations are 178.345-3 and 178.337-3, both of 
which read the same. This request is based on the results of many years of operating experience with MC306,307 and 
312 tanks as well as DOT331 and 400 series tanks. It is also based on the rtsufts ofa m p e d v e  project between 
CTMA and DOT in which a 4071412 type tank was run over rough roads and measuremeslts were taken of the 
dynamic response which were subjected to a harmonic analysis to determine the G Eadors assoCiated with each mode 
of vibration or dynamic response. Nomally dynamic responses are reported as o v d  G factors and these G factors 
are applied to the static weight of the tank to determine longitudinal stresses in the tank. Since overall G factors 
incorpontte all modes of dynamic response and the primary mode is the most critical and higher modes are 
significantly less critical or out of phase with the primary mode, the overall G factor approach is ultraconservative and 
leads to overestimates of longitudinal stress. For many long, thin wall tanks of smaller diameter, the longitudinal stress 
is controlling in the design so that tanks are significantly thicker sometimes than they really need to be. This is also 
borne out by the successll operating history of MC307/312 tanks, which were designed without consideration of the 
in- in design load mandated by the 400 series G factors. It is also borne out by the vast number of long food 
grade tanks of small diameter and thin wall which, for many years, have given e x d e n t  service even though 
ovastressed longitudmally according to DOT regulations cited. 

There is no doubt that dynamic loadings must be considered in the design of hapnat tanks especially. The 
proposed rulemakiag, I believe, does this in a reasonaMe and conservative manner. In order to have this rule change 
considered, support fiom significant numbers of madkturers and operators must be documented and sent to DOT. 
This is a request fix interested parties to consider the merits of this proposal and support it m Writing ifthey agree tha! 
it is reasonable and & and that the public will benefit by receiving lower cost &ce fkom more dcient  tanks 
designed to the proposed rules. 

Some pmticxllar points that can be made are: 1) Semi tanks m the ranges of40 fkt long, 12 and 10 gage thick 
and 48" to 66" dimwxa can often be overstresscd by present rules but will under the revised des;  2) Many 
MC 307 and 312 tanks were designed without considering the stre~s increases mandated by the presan dyaamic load 
fktors, and which would not m a s 4 0 0  suiestanks, yet they have not had kmgitudinalbardingfirilurein Savice; 
3)Thousandsoffood gradetanks subject to the same d c c  dynamic loads as hzmat tanks and ofsiguificantlyless 
robust construction me succesfbl in service; 4) A thinner lighter tauk can carry mom payload and such tanks usually 
cany fitil loads. This means that fewer tanks will be needed to satisfjl demand redling in lower cost and greater 
safety; 5) There appears to be no downside to this proposal. 

Thisinfhmtm * n is offered to see i f i t  is desired by the hiustry and to obtain f d k  on its utility and 
impOrtance in doing a better job in serving the public. Comments arc wdcomc as well as responses to DOT. 
COmmeJnts to DOT Should refer to Requat P-1433 and go to: 

U. S Department of Transportation 
ReJeanch and Special Programs Administration, OEce of Hazardous Materisls Standards 
400 Seventh St. SW, Washington, DC 20590 Attention : Edward Mazptllo 

Thank you fbr your consideration. 

... ' !  
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REPORT ON CARGO TANK ROAD TEST 
This report describes the road tests of a 6700 gallon 12 gauge (.105”) type 304 stainless steel semi 

cargo tank performed from Jan. 20 to Jan. 23, 2003 and its results. This test was performed under a joint 
program funded by the Cargo Tank Manufacturers’ Association and the U. S. Department of Transportation 
(P. 0. TRS56-02-P-70045). The purpose of the test was to determine the vertical accelerations of a typical 
type DOT407/412 tank when subjected to dynamic loads caused by various kinds of roads and road 
obstructions likdy to be encountered in service. The important feature of the testing was to do a harmonic 
analysk of the test data to find out how each harmonic contributed to the StniChJrsf loads experienced by 
the tank The present DOT regulations contain G factors (gravity factors) that specification tanks must 
meet. It is known that the structural effects of all the harmoNcs are not additive in creating stresses in the 
tank. There have been similar analyses on manufactured housing and tank trailers and such investigations 
should be done on liquid carrying trailers to get a more complete picture of the dynamic load situation. 

JIEScRIpnoN OF TEST: - The test was performed on a newly built fifth wheel double rear axle semi 
tank 64” diameter by 480” long transported by a standard truck. The tank lacked its n o d  insulated jacket 
so that it could be instxumented easily. Four accelerometers were placed on the tank unit, one each at the 
forward e&, the middle and the rear end of the tank and one on the from rear axle. The accelerometers 
were coxmected to a recording system which could be turned on and off to gather data at significant times 
during the test. The tank was l l l y  loaded with water up to within 1% of its msximun legal carrying 
capacity of 80, OOO bs ( including tractor unit) and run twice over a predetermined route on public roads 
near Norco, California and data was recorded for the following road conditions: 

a) M e i y  smooth asphalt road 
b) Gravel road (unpaved) 
c) Rough paved road with numerous potholes which were driven over and not avoided. 
d) Paved road with a steel plate barrier equivalent to a railroad crossing. 
e) Double dip paved intersection 

The same test was done for a halffull tank and an empty tank so tbat a represemative amount of data was 
obtained. The half load test was particulady severe in that the tank was a single compartment with no 

The data fiom the test runs was analyzed by computer (a Fourier analysis) to develop the 
accelerations assoCiated with the various harmonics. The most extreme of the runs were analyzed for each 
load conditioa Six runs at differing road conditions for each load condition w a e  analyzad and the G 
factors for each harmonic up to the ninth were determined for each deromcta .  Also the o v d  root 
mean square (RMS) value for each run was determined so that G factors for other tests could be compared. 
A report fi.om Wyle Labs is attached to this report, which includes all the data runs anatyzed, and some 
information on the instnunentation and computer analysis they did. 

The d e d  gross vehide weights (GVW) for the three test conditions were as follows: fi3l load 
79740 lb, half load 53240 Ibs, and empty 24220 Ibs. These weights include the tractor and running gear. 
mmsin clraaofinterea is the lords on the tark itt& The light wclight oft& tank is 8ssumed to be 5000 
IbS- digtn’butad. Thisgives an assumed unifbrmly distnrxltbd load fbr the fU tank of60.52 kips, 
for tbe halffiJI tank 34.02 kips, aod for the empty tank 5 kips. Certified G W s  do not include the weight 
ofthe driver and otba occupant. There were two people in the truck duringthe test. This added about 500 
IbstotheGWS. 
Analvsis of Test Results - The results of the test indicated that there wtre two obvious naa~al 
.fraqueaCies fbrthcdynarmc response ofthe tank trailer assembly duringevuytcst ~ n .  It appearsthat the 
tank asseddy on two sets of dastic supports is a two degree of fidedom systan with the tank acting as a 
rigid body. A cbcck of expeaed natural fhqumcics iadicatc that, for the W bad CODditioII, the most 
important one, the lowest natural fkquencies fix the two degree of fireedom systrm arc around 1-2.5Hz and 
for the tank iudfvibrating as a uniform beam 3040HZ. For the full load oonditioq the two lowest natural 
fresuendes WQC 1.48HZ and 2.14HZ for the most severe shock. For other lesser shocks, the values varied 
slightly but WQC within a fitirfy narrow range. The tank experienced Root Mean Square (RMS) 
accdcrations of up to 1.3G excluding the static we@ht of the tank, which is higher than the DOT 
Replation 49CFR178.345-3 rnaximm of .7G Vatid axing done and .35G acting both vsrticslly and 
boritontally (wban resolvd amKlming to .39SG). According to the physics of sinusoidal hanaoinic motioq 

int& bafnes to damp out sloshing 

* 
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the deficuim asmaatd * with each mode of vibration varies in proportion to the G value for each mode 
d e  by ForPia (Hanmonic) analysis divided by the square of the mode number. This means that the 
&&t of a tobj G fbrce on tank stresses must take into account the contribution of each mode of vibration 
It isincomd to take 8x1 RMS accderation reading from a dynamic test of a tank and apply it directly to the 
mass Of the to obtain fbrces, moments and stresses without doing a hamonk analysis so that the 
u m t r h t h  of& vbatkm mode can be computed separately and added in a logical manner to obtain 
d C  strwsa h the tank In doing this, the phase of each mode must be considered as well Odd modes 
hwe zndumm~ ddonnations 90 degrees out of phase fiom even modes and this must be considered as an 

AndysCs of extreme data obtained fim the several test runs have been performed One such 
analysb is p s a k t d  below. It npresents the highest G value (1 2626 RMS) and occurred in the middle of 
the tank w2#n going over a steel plate laid over a ditch on a paved road at approximately 4Omph 

mtaactimndhathan siutplyaddiagthem atl together. 

bbwb--- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tatals 

- 
1-48 
2.96 
4.44 
5.93 
7.41 
8.89 
10.37 
11.85 
13.33 

OddG G /n2 EvenG G /n2 
.4117 .4117 

.MI8 .0135 
-0245 .0027 Total Values 

.0121 .oO04 

.I897 ,0039 

.1478 .0018 

.7858 .4203 .5705 .0283 

.0128 .0008 GUS=l.262 

.3482 .0097 Odd G + Even G = 1.3563 

.1467 .0023 Odd Gh2+ Even G/nZ = 4288 

F W  OddG G /n2 Even G G/n2 
‘ 1  2.14 .0477 .0477 

2 
3 
4 
5 
6 
7 
8 

‘ 9  
10 
Tatas 

427 
6.4 1 
8.95 
10.69 
12.82 
14.56 
17.10 
1924 
21.37 

.0193 .0048 
.0022 . m 2  Total Values 

.0978 .0039 
.5902 .0164 Odd G + Even G = 1.0862 

-1121 .w23 
.OS50 .OOO9 Odd a n 2  + Even G/nz= ,0834 

.0367 .O005 
.0242 .OOO2 

.2%5 . O W  .7857 .0288 

.lo40 .0065 . G ~ F  I 262 

llrnrsarar drcnmsarh ofdrtrrfopthra tank loading conditiolfs, &R laad (60,520 h), MfJoad 
(34,020 lb), lad e m p ~  (5,m lb). There were the accdctbmeters on top of the tank and one on a rear 
de. On tbefanlr, tkywaemamted at thefbrwsrd end, middle and aft ends and, except for two runs over 
a rmooth road, there wcre two obvious natural fiesuenciss analyzed For a msonably rigid body such as 
thew marmb3d an Springsat its- it is a two degree oftieedom system fiom an analytical standpoint 

.Qnaof the iiuqmdm is fbf trmwton ’ up and down and the other is rotation oftbe tankabout a transverse 
4mkmrd d& h a m u &  ofd this, them wae 102 Gvaluespearancordcd and ad@. The axle 

.-‘4ms .adyred hit was rsconiCd as a basis of CompariSOn to otha possible dynamtc tests 
w b u ~  accddlolaaen hgb! havr: been used. The measured o d  root mean square (RMS) G values for 
thst8nkd1x1cwrpIcasfbnowI: 

. 

‘ ~ ~ t b r b u l e r b o u b i e x p a a t w o  majorarrtural frequencies forvatical motionwfiich was the case. 

T m V a l  -Vva] &&MinVal AxleMaxVd 
M Lord (60.52l9 .192G 1.29oG .824G 4.152G 
IwfrLadm.w .1%G 2.6886 S86G 5.6226 . Jihplry(5 .oag)A ’f -3910 1.245G 1.516G 3.472G 

2 



The half firu tank, having no interior swash plates or baffles and being 40 feet long, experienced 
appreciable sloshing which may have increased the G values from those of the other two load conditions 
which had no sloshing. 

A harmonic analysis was made of each run at each frequency for a total of 102 analyses. The G 
factor for each d e  was divided by the square of the mode number to obtain the contribution of each 
mode to the total G factor to be used in structural design. These contributions were added together in two 
separate groups, odd modes in one group and even modes in the other. For the vast majority of runs, ten 
modes were included. The logic for this is that, for the eleventh mode, the measured G -or for that mode 
must be divided by 121, the square of the mode number, to obtain its contribution to the total &kct. Since 
its eEect is less than one percent of its measured value, it and higher modes can be ignored in this type of 
analysis. The summations of odd and even modes were combined by squaring each of them, adding them 
and taking the square root to obtain an overall G factor to be used in design. The ratio of this G factor to the 
total RMS G fador was also computed for each case. The distribution of these G fitaors was as follows for 
allcaJeSanatyzed: 

GfactO r OGto. 1G . 1 G to .2G 2G to .  3G .3G to .4G Over.4G Told 
No.ofValues 67 19 9 5 2 1 02 
Inrange 

The two highest G values were .4449G ( on the half firu tank) and .4215G (on the 111 tank). The 
.4449G value when multiplied by the ratio of 111 load weight to half load weight gives a value of .2501G 
for the equivalent fid load G force applied to the tank. Clearly the 111 load G factor is a greater load on the 
tank-A ConSentative design approach would be to take the .4215G and add .02G to it for shock effects, that 
is, e f k t s  of modes past the tenth mode. This would result in a maximum G factor for design of .45G. The 
presead: regulation maximum is .7G based presumably on a total RMS G value of .7G. For the particular 
case in question, the tank RMS value was 1.2626 or 80 % more than .7G. Factoring the .45G down by the 
ratio .7/1.262 gives approximately .25G. It would appear that the worst case design fhctor of .45G is 
ultraconsgvatiVe and would be a low cycle Mgue situation at best oeuming pahaps twice a day for a 
tank lifi: of 2Oyears operating every day. This amounts to 14,610 times in the tank life, a low number for a 
hiigue case. Wrth this number of cycles, fatigue should not be a fador fix designs based on normal 
dowable stresses. In fact it might be reasonable to allow the 20 % stress increase for the worst case 
StrUcRnal design for DOT 400 series tanks. 

The theoretical natural fresuency of the loaded tank on end supports was computed to be about 
4OHZ. Tbis is about 25 times more than the lowest natural frequency ofthe loaded tank on its suspension. 
The Suspension ads as a dynamic vibration or shock absorber because its st i fkss is so mu& l o w  than 
the tank itsdE That this is true is indicated by an analysis of the highex frecluacy spectnun of the same 
load case analyzed above where the total RMS G value was 1.262. "be results am as follows: 

Mnde 
1 
2 
3 
4 
5 
6 
7 

OddG OddWn 2 EvenG EvenWn 2 

38.50 .0506 .0506 
72.99 .0075 .0019 Totsls 
109.49 .0037 .o004 G-=1.262 
149.98 .0114 .0007 OddG+EvenG=.1006 
182.48 .0108 .OOO4 Odd G/n2+Even G/n2-.0544 
218.97 .0101 .0003 ((OddGh~*)~+(Even Gh1~)~)'=.05 16 
255.47 ' '.0029 .OO01 (Above is 4.09% of G-) 

8 291 .% ,0016 .oooO 
Totals .0680 ,0515 .0326 .0029 
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Snmmarv of Teat Results: - The test results indicate the following 
a) G fhaors used for establishing dynamic loads on highway tanks should not be based directly 

OD ~VQlali G bars obtained fiom acceierometers mounted on tanks 
b) It iS 

allowdMe stress values for dynamic load conditions on highway cargo tanks 
C) The rnagnhde of present dynamic load G factors may be too conservative as presently 

applisd to tank design and should be evaluated based on harmonic analysis of the data used to 
dctamkthem 

a) As requked by DOT Regulations, ASME specified values for allowable longtudinal 
cOmpfeSSive streses in highway tanks appear to be too conservative and may not take into 
(Iccount the fact that tanks under maximum longitudinal compressive stress are f i l l  of product 
aad have positive internal pressure which would reduce thar tendency to buckle over tanks 
.with cx&rnal pressure. This is substantiated by the large number of MC 306 and 307 tanks as 
wdl rn food grade tanks which continue to perform satisfactorily in service even though 
some, as the bnk used in this test, do not even meet the longitudinal compressive stress 
q u h m c W s  under the static load condition with no dynamic loads at all 

e) Evideaoe indicates that the most severe dynamic stress conditions occur rarely enough so that 
f%tigue may not be a factor in design for them 

f )  In severe dynamic load cases, the test tank was overstressed in lonptudinal bending, pnmarily 
because of the 70 percent joint efficiency requirement of the Regulations The major 
component of longitudinal tensile bending stress in a long and thin tank comes froom the 
longhkd bending moment, not fiom the membrane stress It may be desirable to ignore the 
joint eflticiency fruxor W € I ~  l o n g i m  bending stress is over 2/3 of the maximum total 

to do a hannonic anaiysis on accelerometer data used to estabhsh practical 

- 

I l w t e n s i l e s t r e s s  

~mmelMhtiOIB8: - There are two kinds of recommendations emanating from this project One is 
argsested dmngs to existkg regulations and the other is additional projects that might be useful The 

amskier the dynamic load test results as well as the experience with the very thin wall 
‘ k k  used m the best and the stresses it experienced in the conduct of the testing 
Ther#xnmaendcd-to reguiations are: 

a) C i m p  the G &tors for dynamic loads fiom 35G to .25G in vertical direction for dynamic load 
awes with combined acceleration, deceleration, and .2G lateral ioads ( The 2G lateral load is 

due to centrifugal force and not viiration and should remain as it is) (49CFR178 345- 

b) Chmge tk G fhdor fbr maximum vertical load to 45G instead of 7G and do not consider this 
lord su?$cct to w e  because it ocws so seldom (49CFR178.345-3(c)(Z)(ii)(B) & (C) and 
49CYRl78.345-3(~)(2)(iw)(A) &(B)) 

* c) For hghdhal bending in taasiOn, allow the weld &aency fador of .7 to be 1 .OO for the 
bdingpaatiOn oftbe total stress and keep the .7 fictor fir the membrane stress as required by the 

d) Ask ASME to revhit its hest work on compressive stress in bending of cylindncal shells to 
llccamt fix the ctlse where there is intemal pressure in the vessel combined with longitudinal 
bdbg.  In diaolrupim\n with those who did the work for ASME resuiting in UG-23 and Code Cast 
ZW,% rppears that the cases considend were for e x t d  pressure combined with longitudinal - 
bmdbg, an a&dy d i f k n t  condition than obtains in a loaded cargo tank where bending stresses 
mmpninnnn. 

- 3 ( C X l r n )  ao) 

ASME code. (NCW h 49CFR178 345-3@)(3)) Review with ASh4E 

RadommendahOns - fbrfiathnworkart: 
a) Run road tests similar to this one on a wider variety of highway, rail and intermodal tanks, such as 

LPG tmb. Cryogeoc tanks with jackets, non-cylindrical DOT 406 tanks, and heavier DOT 
4071412 tmkl, with diffaGnt suspension systems and configurstions (truck mounted tanks, pull 
trrikrarmdsanitanks)toget abrosderspectnrm ofdatato analyze. 

nwoimbk purmaas fbr developing desip load factors using the additional data fiom a) This b b) Develop &amid prooeduns for analyzing scceleromucr readings from dynamic tests to establish 
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would consider impact or sbock loads in addition to vibratory loads. They would also consider as 
well the effect of diffirent suppension systems on mitigating such loads on the tanks. 

c) Run some tests and do analyses to establish lateral force limits for highway cargo tanks. Lazed 
loads on these tanks are usually limited by overturn considerations, not by vibratory or shock 
forces. 

d) Study thin wall long tanksto establish safe and realistic designparrundas and messes forthem. 
Thaeis ample evidence from the servicehistory of large numbers ofMC 300 saies tanks and 
non-haprrdous foodgrade tanksto indicatethat safi tanks canbe builtwithlwsaiticaland 
expensivehighalloymatuiaL 

Some of these recommendations overlap in certain areas but can be dealt with d y  as separate 
proj-. 
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provided video and photographic equipment. Kurt Van Diest aad his staff supplied and disposed of the ttst 
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Stardszewsh handled the project a on the govanmeat side a d  got it underway on the g o ~ a m m m  side. 
RTL Jhc represented by M. R Ward, P. E. supewkd the test and wrote the report. The Cargo Tank 
Manufacnuers' Association, whose membership includes Ball, Paramount Tank, T b o v  Tank and 
West-Mark, sponsored the indushy portion of the project. 
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APpendix A - Test Tank Particulars 

The tank used for tesdog was a new airnost completed 304 Stainless Tank, 64" diameter by 40' 
l o q  witb 110 itrtaiOr baffles, with torisphcrical heads dished to .IO percent of the tank diameter and 
suppofited 30" aft of the firont bead stam and 30.5" forward of the rcnr head seam. It had e x t d  stiffeners 
at rnrCjnm not excebdiag 60 inches. The tank was built for hauling 6700 gallons of miik at 8.34 Ibdgal and 
was not aquipped with its normal insulatinp; jacket which consists of styrene and glass fiber insulation with 
a thin stainless sted cover. Tbe tank had no access ladders when tested. The Gross Vehicle Weight (GVW) 
of the tank t d f f ,  incIudiag insulation, two dud axle running gear, insulation and appurtenances is 
specified at 68,OOO fbs. The empty tank as configured was assumed to weigh 5,000 Ibs. The tank was tesred 
under three conditions, nameSy Wy loaded with 55,520 Ibs of water ( approximately 6657 gallons), 
approximatdy hslfload with 29,040 Ibs of water, and empty with no water. The tank was equipped with a 
presanr: rrtiefvah set to opm at 1 psig and, when operMing lli, was assumed to have 1 psig pressure at 
the top of tbe liquid I)uring the test there was some indication that a tiny amount of water had escaped 
ftom h e  tauk wfiich would indicate that it did have 1 psis internal pressure plus the static head of water 
chcriqe the tegt N118, at least tbr the 11) tank. 

"%is tank meets the minimum thickness requirements for IX)T 406, 407 and 412 tanks, namely 
.100" fix st8inIus steel with a gallons per inch of up to 14 (actual is 13.81). It does not meet the 
kmghtdd ~ & q # h  design reqUirements for either MC 306, 307 and 312 tanks nor for DOT 406,407 Or 
412 tanls. MC 300 Saies tanks must be designed for the static load condition under pressure and DOT 400 
series ta&s must be designed for that condition plus vertical dynamic load conditions of up to I .7G. Table 

..A-l rhows tbe Calcuhtad mmmts and stresses in the fuuy loaded tank under various load conditions 
spadfiad in the Rqpblions as wdl as Bssuming the worst overall vertical G force experienced for all the 
test runs. The longitudiaal sbdl membrane stress was calculated &om the static pressure at the middle of 
tha tank, Muding 1 psig top pressure, applied dormty around its circumference. This slightly 
urd- the manbm~~ stress ai the bottom of the tank and overestimates it at the top of the tank but 
tb stnss iS insirmificJlnt oomplutd to the longitudinal W i g  stress and is apparent by looking at the 
table. The G k c c  adds to thc apparat weight of the water and that is taken into account in computing the 
i n t d  pressurt. The cank &ell, except for longitudinal compressive stress, is suitable for 25 psig internal 
pressure. The heads would also be suitable except they are dished less than allowed by the ASME Code. 

Table A - 1 

1.0 2.155 2761 .328 
1.35 2.560 3727 -390 
1.395 2.612 3851 -398 
1.70 2.964 4693 .452 
2262 3.613 6245 .551 
1.25 2.444 3451 .372 
1.45 2.675 4003 .408 

p s i s i n K  ksi 

8.774 
1 1.034 
11..401 
13.894 
18.488 
10.217 
11.851 
ksi 

L 
-7.846 
-10.644 
-1 1.003 
-13.442 
-I  7.937 
-9.845 
-1 1.443 
ksi 

1 .oJE 

8.502 
1 1.424 
11.800 
14.346 
19.039 
10.589 
12.259 
ksi 

L 
.7JE 
& 
12.146 
16.320 
16.856 
20.484 
27.199 
15.127 
17.513 
ksi 

Acc;ordias to DOT m o n s ,  DOT 407 and 412 tanks must be designed in accordance with 
ASME Code stresses Or 25 pacent of ultimate tensile smngth. Prior to the adoption of a 3.5 design margin, 
ASME usal a 4.0 des?@ the same as 25 percent of ultimate tensile strength. The ASME rules for 
ahmbk stress arc mom complicated, mvolviq factors other than tensile strength Using 

Nks fbr tbis t8Zlk, the dowable tensile stresses are 17.50 ksi for a design margin of 4.0 and 20.0 
lclli for a des@ mSrgin of3.5. For allowable coqrcssin stress, two values are permitted, one fiom UG-23 
of S e U b  D h k m  1, ard one using Code Casc 2286. The corresponding allowable compressive 
rh'srs vdw~ u1: 5.742 ksi fbr UG-23 and 7.50 ksi for Code Case 2286. The ASME Code requires a 70 

c psrosPt 4 jobpt fw tanks built without 100 percem X-ray of weld scams which is a 



requirement for both MC and DOT tanks. The actual stress in the weld is based on 100 percent joint 
efficiency. 

The table M a t e s  that this tank does not meet the allowable compressive sses~ requirements for 
any of the load CoQditions shown, exceeding it by 2.34 times for the 1.7G COMjition raquired h r  DOT 400 

eodeCase2285are 1.79timeSfor 1 . 7 G d  1.05timesfbrst8ticM.Co~duinganaik~thetank 
cxcceds the allowable of 25 percent ofultimate by a factor of 1.17 assUming 70 -joint &6ency 
and 1.02 fbr a d t d p  margin of 3.5, all forthe 1.7G load condition. For 100 psrcaa joint efficieacy and 
1.7G load, the cakuked tensile stress is within allowable limits for the 1.7G load condition. This tank is 
representatiVe of thousads ofnon-hazardous materials tanks that are standard fbr thefibod iadusbyand 
have been in service for many years. These tanks have experienced dynamic loads at least as severe as 
those encounted by hazardous m a t d  tanks since they travd over the same mads. The road tests which 
tbh tank stwived bad overall G factors Stgnific8nt.l~ higher than those specified in the regulations. This 
would indicate at kast two things, namdythat dynamic load requiranents -to bec~nsendvcdalso 

"hue is some evidemx that ASME allowable longitudinal cOmpresSiYe stresses are based m a  wjsd being 
*ect to extad pnssure along with longitdid bending w#nents. For fiJfv loaded tanlrs subject to 
maximum loogitudinal bending moments, they arc fidl of liquid and are subject to internd pressmq not 

SQVice coIiditiotlJ1. 

series tanks and by 1.37 times for the static load condition, based on UG-23. The correspondmg brctorsfor 

that allowable coqmshe  stress n q i m m t s  are even mom co- andmayoeedtobenevised. 

extend pressu~e so the basis for establishing them may be too Consavativeand notrtpnscntatnre ofactual 

. 

It would appear to be worthwhile to explore the possibiiity of using higher allowable longitudinal 
wxrqxesk stresses fbr highway cargo tanks in view of the pnpondaant evidence that pnsart allowables 
w to be my^ * e. It might also be appropriate to consider that the 70 percent joint efficiency 
does not apply to loogitudinal bending stresses sing fbrstrudad loads of otha Code such as the AISC 
Spcci6don for the Structural Design, Fabrication and Enction of Structural Sted for Buildings joint 
&aency of fun butt welded joints is assumed as 1 0 0  pacmt. 
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Amendix I3 - Tank Flexural Vibration 

A long Semi tnrila cargo tank has many modes of vertical vibration. Firstly it vibrates as a rigid 
body mounded an fprkyp at its ends as essemialiy a two degree of freedom system. The primary modes 
bsve 011 the order of 1 to 3HZ fbr each degree of M o m .  In addition, the tank itself can 
vibna f k U d y  with infiroite degrees of f k d o m  with the primary mode having a frequency of 20 to 
lOOHZ, CanOrda ofmsrplaudehghcr than the rigid body modes. The tank used in the test was 40 feet long 
lnadeofdainkss steel. It wasGuedwitb wata as the simulated payload. If a fiued tank is subject to a 
rbodr adktg V i i  tbe shock wave travels at the speed of sound both through the tank shell and 
through the liquid. The spead of sound in steel is about 16,000 Wsec and in water is about 4800 Wsec A 
rhodr w~y t ,  if Udmped, would take .005 m n d s  to travel the length of the tank and return in the shell 
4 .0167  seconds m the water. This is equivalent to fiequenaes of 200HZ and 60HZ respectively The tank 
supports ~ r r e  about 35 feet apart. For a tank traveling at 60 mph, the time interval between shocks 
amnatbg fhnn the-same bump m the road would be about .4 seconds apart, equivalent to a frequency of 
aboud 2 .W.  If trading at 30 mph, the fiequmcy would be about 1.25Hz. approximately in the primary 
mode range of the tank as a rigid body on springs. It is then possible that for a Certain resonant speed, the 
twoshmk~wsuld supplement each other and case amore sevu-e rigid body response than ifthey were not 
resaaarat pihen driviag an a 91300th road such as a freeway, the travel speed would be in the 60 mph range, 
while on a nxrgfvr road, the speed would be more likely to be in the resonant range. When the travel speed 
k? less the shock less which would tend to reduce the magoitode of the shock. The kinetic energy created 
by a shock is probably roughly proportional to the square of the speed so that haif speed would result in one 
Qurrta the shock. Two shocks in resonant sequence would at worst double the energy of one shock so 
tnnrd speed may have more effect than bump severity. 

Tbe fo8d test mtasured d d o n s  at three points on the tank. It did not measure deformations 
ordcfhmns . Stress m the tank is proportional to the deformation or deflection, not to the acceleration so 
it is necessary to umvert deration to deflection for each mode of oscillation. The relationship is derived 
asfdlows: 

For harmwic motion, deflection is X=Asin@t) where X is deflection, A is maximum 

p"' If the 
amplitude, t is t h e  and p is twice pi times the natural fresuency in Hertz (cycles 
d&ccrjon hrmda is diffamtrated * twice, the r d t  is the d e r a t i o n  namely X" =-XP 
The dtaectiOn and hence the stress for each mode of vibration is proportional to the acceleration divided by 
the of the mode numba. A shock response can be divided into modes starting from the primary 
mode by doisg a Faaia analysh of the accelerometer trace for a particular point on the tank. The fim 
mode is tk p.imarY fk%p-, the second mode is twice the primary ftequency and so on. The higher the 
mode th: !nore comktc and accum!c is the analysis of accderarions. However, Since the effect on stress is 
invaadyproportid to the inva#: squate of the modal fraqueolcy, the effect ofthe tenth mode is only one 
hrndrsdchddrr;thtbe h t m o d e  fix the same magdude ofaccdaation, a ncgligibkeffact. Normally 
the fint fiw modes bm tbe large% scceleratjons and the higber modes have the lowest so it is reasonable 
to ieDon the hip)lrrrt d e s .  Thae is a M e r  fbtor m hannonic analysis. The maximum amplitudes for 
the odd modcs arc dose together and the amplitudes of the mm modes are located away from those of the 
odd modGs. 'phis mtMs thart odd and even modes should be considered independently in harmonic analysis. 
Ib: proosdun fb lbwd m this report is to sum the odd mode values of acctleration, divide by the mode h m  sumthasefbr tbc even modes and combine them bytalang the square root ofthe sum of 
theirsquamsThisisaconservabrv e approach. In almost all cases the odd modes are predominant as might 
be expazed. 



M.R. Ward, P.E. 
T 8 C h n i C a l  Managor 
Csrgo Tank Manufacturer8 A8aocistion 
P.O. Box 790 
Laksvood, CA 90714-0790 

This acknawfedges the receipt of your Navgmbai I, 2003 letter 
requesting an araenQlent of 49 CFR 178.345-3 t o  rclvise mtructural 
integrity fox MYT 400 S e r i e s  Tanks and 49 CFR 178.337-3 to revise 
structural b t e g r i t y  f o r  DDT 331 cargo tanka. 

Your request has been assigned number P-1433. 
tracking purpose8 only. 
m e r i t .  
rulcraraking, i t  w i l l  be considered for a future xulrrrrakimg action. 

Thi6 number is for 
Your request'has not been assessed for 

If accepted under 89 CFR 106.95 an 8 p t i t i o n  for 

If you write or call us r e g d i n g  this  petition, preaae make 
refer to this number. 

Sincerely, 

WRLV Gail L. witty 
.I - 

Trwpoztation AEsi6tant 
off ice of ~iazardous ~aterialrr Standards ' 
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TANK MANUIE'CT'URERS ' 
ASSOCIATION 

P. 0 .  BOX 790 
WLKEWOOD, CALIFORNIA 90714-0790 

(800-421-7545) 

U. S. of Traosportaton 
Research and Special Programs Administration 
4OOseventhSt.NW 
Washington, DC 20590-01 

Nov. 1,2003 

At tdox~  Phil Olstm, 086ce of Havvdous Materials Technology 

Subject: P d o n  fbr RIJI- DOT33 1,406,407 & 408 tanks 

Gentkmeq 
This is a @on for ruiemaking concerning the subject cargo tanks which have essentially 

lidemid requiranaaS fbr SbUcbaI integrity. It is petitioned that the vertical dynamic stress factors for the 
normal trarwport codtion be changed fiom .35 to .25G and for the exrreme transport condition &om .7G 
to -4%. The justification fix this request is contained in the REPORT OF STUDY ON THE DYNAMIC 
ANALYSXS OF DOT 407/412 TYPE CARGO TANK MOTOR VEEnCLES dated May 24,2003 and 
Qlve lmda U. S. Dqpartmnt of Transportation orda No. TRS56-02-P-70045 of Sept. 25, 2002. This 
nport adyzes tbe results of over-tbroad tests on a pamarlar semi trailer type cargo tank which was 
Qivm OWY vwy rough roads under 111 load, haifload and unpty conditions to determine the G forces 
asmc&al with ead3 d e  of response of the tank to dynamic forces experienced This report containad 
some- 'ws fbr rule change and firher study and this petition ,covers Recommendations a) and 
b)--chmnc. 

The exact cbngcs reumxnded to the regulations am presentad in two attached docummts 
entitled DOT 400 SERIES TANKS, PROPOSED REWIONS TO 49cER178.345-3 STRUCTURAL 
INTEGRITY and DOT 331 CARGO TANKS, PROPOSED REVlSIONS TO 49CFRl78.337-3 
STRUCI'URAL IONTEGRITY. The economic justification for these changes is given in a report entitled 
MXbNOMIC IMPACT OF PROPOSED CHANGES To DOT CARGO TANK REGULATIONS 
~ ~ G D O T 1 o o s E R L E s  TANKSpreparedby M. R Ward,P. E. and datedUay24,2OO3. The 

means tlmt 1% jEewertmks can canytbe same amount of lord as the hervia tanks since tbese tanks almost 
ahn)aoperatefb&losdsd. M a k b g a c m s e n d v e ~ t h a t t h a e a r e 3 0 0 0  W K h t a n k S O ~ g a t  
8 ooa#ryttive awul 
pawntafS)fl(,minial). 

We bope this idbxmatiw is adequate to initiate tbe demaking proctss on these items. Please 
acivise o f p  need more idmation. 

proposad changes NYdt m cat8in tanks being iigbtetand tbadbRaMe to uyry 1%moreproduct. This 

ofs100,o0o pa task, the $8- aulolmt to s,o0O,o0O per year- 

M. R Ward, P. E. Technical Manager 

. 



Description of recommfnded changes: 
a) In 178.345-30(1Xi)B and 178.345-30(1Xiv)B, change the firctor .35 to -25 for vertical 

b) In 178.345-30(2Xi)B and 178.345-30(2)(.i.i)B, change tbc factor .7 to .45 for vertical 
d e m t i v e  force for n o d  operating loadings. 

accelerative force for extreme dynamic loadings. 

Rationale: A recta over the road test of a cargo tank motor vehicle in which the dynamic response was 
subjected to a harmonic adysis to determine the distribution of accelerations over a wide fhquency 
range indicated that the factors in the present regulations are well above what contriies to design 
load for both opaating and extreme conditions. A conservative analysis of the data obtained from the 
test program indicates the following: 
a) The overall G factor measured without harmonic analysis is more than twice the value obtained 

when comcted for fkquency. 
b) Extreme load conditions ocw very seldom and tht cumulative number of such loadings over the 

life ofa tank is a maximum of22,000 assuming 3 oc~urences per day every day for a 20 year life. 
This is well below the fbquency requiring fktigue sdysis.  

Cost/Ben& Considerations: This change in requirements affects a large class of tanks that are small 
dhmctcr, long and thin and generally made of stainless steel. Ifthe changes are adopted, the tank wall 
thickness of these tanks can be reduced about .020”. Since these tanks generally opaate witb 111 loads 
ifthe weight is reduced, the tank can carry more and about 1 percent fmerthirmertanks can canythe 
same amount of total product. This can lead to an opcmting savings alone of about $lo00 per year per 
tank. W~ a popllation of 3000 such tanks, annual savings amount to about $3 &on, not an 
insignitlcant sum Other tanks are &wed as well but not quite to the same degree sothat total savings 
would be higher than this. 

Revised Text of Regulations 
49CFR178.345-30(1)(ii)(A)(4) - Change to read - The tensile or compressive stress gertaated by the 
beading moment resulting from n o d  operating Vemcal force equal to -25 ( # i i  .35) times the 
vatical readion at the suspension assembly of a trail- or the horizontal pivot of the uppar coupler 
(a wheel) or huntable; or anchoring and support members as applicable. The vertical reaction must 
be calculated based on the static weight of the M y  loaded cargo tank, all structural e l m ,  
equipment and appurtenances supported by the cargo tank wall. 
49CFR178.345-30 (lxi)@) - Change to read - Tbe vertical shear stress gcnaated by a nonnal 
opaathg d e c a t i v e  force equal to -25 @mer& .35) timcs tbe Vertical d o n  at each suspeslsion 
d l y  of the or the horizontal pivot of the upper coupla (fifth wheel) or tamtable; or 
anchoring and support members of the truck as applide. The vertical d o n  must be tal- 
~ c m t h e ~ w c i g h t o f t h e ~ ~ ~ ~ 8 u ~ ~ ~ a n d  
appvtauu~xs supr tedbythe  cargo tank wall. 
49CFRl78.345-30(2)(.iii)o - Change to read - 7’be t d e  or cOmpreSSjw stress gmaated by the 
bending momeut d t i n g  h m  an extreme vertical accdemion force qual to .45 Q i i l y  .7) times 

cuuplcr (fiftb wheel) or turntable; or the anchow and support membclB of a truck; as appii&le. The 
Vertical d m  must be calculated based on the sbtic weigh! of the fi41 loaded cargo tank, all 
structural elanemg equipment and appurtenances supported by tbe tank wall. 
49CFR178.345-30(2)(iv)@) - Change to d - The vertical shear stress Bglerated by an extreme 
vutical accdaation equal to .45 Gfonnerly .7) times the vutical reaction at the wwpension assanbly of 
a trail-, and the horizontal pivot of the upper coupler (W wheel) or turntable; the anchoring and 
support m m h  of a truck, as applicable. The vutical reaction must be calculated based on the static 
weight of the fbliy loaded cargo tank, all structural daaarts, equipment and appurtenaaces supported 
bythetankwall. 

the vertical reactiopl at the suspension assembly of a trailer, and tbe l m i z o d  pivotof theuppa 

. 



DOT 331 CARGO TANKS . IPROPObSED REVISIONS TO 49CFR178.337-3 STRUCT. INTEGRITY 
Dcsuiption of r e c o d e d  changes: 

a i  In 178.337-30(1)@)C -sad 178.337-3Q(lXiv)& change the Wor .35 to 2 5  for vertical 

b) In 178.345-30(2xiii)c and 178.345-3qZ)@)B, change the factor .7 to .45 for vertical 
accelerative force for n o d  operatiqg loadings. 

accelerative force for srtrane dynamic loadings. 

Rationale: A Tcc(pt over the mad test of a cargo tank motor vehicle in which the dynamic response was 
subjected to a harmonic analysis to determine the distriition of accelerations over a wide &equenCy 
range indicated that the factors in the present regulations are well above what contriiutes to design 
load for both operating and extreme conditions. A conservative analysis of the data obtained from the 
test program indicates the following. 
a) The-ova-ail G factor merwred without harmonic analysis is more than twice the value obtained 

when corrected for frcqucncy. 
b) Ejmcrme load conditions occw vay seldom and the cumulative number of such loadings over tbe 

lifi: of& tank is a maximum of22,OOO assuming 3 oocurrmces per day every day for a 20 year life. 
This is well below the fi-equency requiring fatigue adysis. 

CostlBenefit Consideratiom: This change in requiremeats affects tanks that are small diameter, long 
and thin and generalty made of stainless steel. If the chranges are adopted, the tank wall thickness of 
some of these tanks can be reduced. Since these tanks g a x d y  o w e  with firll loads ifthe weight is 
reduced, the tank can carry more and fewer lighter tanks can carry the same amount of total product 
This can lead to an opedng savings. This change is the same as recommended for DOT 400 series 
tanks wtrich have the same structursl integrity requiremeats and is made to keep both Sections of the 
mgdations co- with each other. 

* -  

Revised T a t  of Regulations 
49CFR178.34537-30(l)(iii)C - Cbange to read - The ttmsile or compressive stress generated by the 
bending moment d t i n g  from n o d  opedug vertical force equal to .25 ( fmer& .35) times the 
d c a l  miction at the Suspension assanbly of a trail= or the horizontal pivot of the upper coupler 
(W wh#l) or turntable; or anchoring and support members as applicable. The vertical r d o n  must 
be calculated based on the static weight ofthe funy loaded cargo tank, all structwal elements, 
-and appputmanoes supported by the cargo taak wall. 
4-178.337-30 (1XivXA) - cbange to read - The: vertical shear stress genrxatrd by a normal 
opaatiag accdaative fbrce equal to 2 5  lfannvlv.35) times the vertical reacton at each suspension 

_I I -*u d l y  of the traila; or tbe boxizontal pivot of the upper coupla (fifth wfrea) or mutable; or 

based on the static wei&t of tbe t"uuy loaded cargo tank, d ShUcaJnl daaeata quipmat and 
rppurUmaacesarpportedbyhca%oWwafL 
49CFR178.337-3q2Kii)O - Change to read - 0 The t d e  or compressive stress garnsted by the 
beding momcat nesutting from an extreme vertical a d a s t i o n  force equal to 45 dfwmer& .7) times 

*+A- the Vatid d o n  at tbe suppension llssemMy o f a  traaa, aad the horizontal pivot ofthe upper 
.carpla (= WfiOeI) or armtable; or the anchoring and support manbers of a truck, as applicable. The 

- I 

, F " " ,  lanchoriag and support membas of the truck as applicable. m vertical reaction must be calculated 

+ 

; - reaction - be calarhtad baaed on the static weight of ttbe f a y  loadcd cargo tax% au - 
*'- ekmaa equipment ad appvtenaaoes supported by the tank wall. 

49CFR178.337-3~2)(iv)@) - Cbansc to read - (B) The vertical ahear stress genaated by M extreme 
vaticaldaati~llequalto .45Cfopmcrljt .7)~thewrticalnactionatthe~onassemblyof 
a WW, and the horizoIltal pivot of the uppa coupler (firth wheel) or turntable; the anchoring and 
styport manbas of a truck, as applicable. The vertical d o n  must be calculated based on the static 
weight of the funy loaded cargo tank, all structural elements, equipment and appurtenances supported 
bythetankwail. 


